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where R 1 is straight-chain or branched C1-8 alkoxy (which may 
be substituted with cycloalkyl) or fluoroalkytoxy, R 2 is H, 
methyl or methoxy, and R 3 and R 4 are each H or methyl and may 
be the same or different. All these compounds exhibit good 
inhibition of potassium ion-dependent adenosine triphospha- 
tase and excellent storage stability, so that they are usable for 
the treatment of gastric and/or duodenal ulcers. 
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Description 

IMIDAZO[4,5-b]PYRlDINE COMPOUNDS, PROCESS FOR PREPARING SAME AND PHARMACEUTICAL 

COMPOSITIONS CONTAINING SAME 



5 BACKGROUND OF THE INVENTION 
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(1) Field of the Invention 

This Invention relates to novel lmidazo[4,5-b]pyridine compounds. The imidazo[4,5-b] pyridine compounds 
of this invention have excellent storage stability and can be used as drugs for the treatment of gastric and 
duodenal ulcers. 
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(2) Description of the Prior Art 

In recent pathophysiological studies on gastric and duodenal ulcers, attention has been focused on the 
behavior of potassium ion-dependent adenosine triphosphatase [hereinafter referred to as (H+ + K+) ATPase] 
participating In the production of hydrochloric acid In the vesicles of the gastric endoplasmic reticulum, and 
the presence of an inhibitory effect on this enzyme is now considered to be a criterion of the usefulness of 
anti-ulcer agents (Gastroenterology, Vol. 1 , p. 420, 1943; Ibid., Vol. 73, p. 921 , 1977). From this point of view, a 
class of compounds having a side chain comprising an unsubstituted to trisubstrtuted pyridylmethylsuffinyl 
group are now being developed as anti-ulcer agents, and one typical example thereof is Omeprazole having a 
benzimidazoie skeleton (Japanese Patent Laid-Open No. 141783/79; British Medical Journal, Vol. 287, p. 12, 
1 983). On the other hand, it has been confirmed or suggested that certain imidazopyridine compounds have an 
inhibitory effect on the aforesaid enzyme. Typical examples thereof are compounds of trie general formula 



30 




where one of X and Y is =CH- and the other is =N-, R 1 ' and R 2 ' are each a hydrogen atom, a lower 

35 alkoxycarbonyl group, a halogen atom, a lower alky I group, an amino group or a hydroxy! group and may be the 
same or different, R 3 ', R 47 and R 57 are each a hydrogen atom, a lower alkoxy group or a lower alkyl group and 
may be the same or different, A is a lower alkylene group* and £ is 0 or 1. However, when Y is «CH-, X is =N-, 
and £ is 0, R 3 ', R 4 * and R 5 ' should not all be hydrogen atoms. These compounds are reported in Japanese 
Patent Laid-Open No. 145182/*86 and will hereinafter be referred to tentatively as the well-known 

40 imidazopyridine compounds. 

However, it has been found that, when stored without any preventive measure, Omeprazole undergoes a 
higher degree of deterioration than might be expected. In order to overcome its low storage stability, it has 
been imperative to convert Omeprazole into Its alkali salt (Japanese Patent Laid-Open No. 1 67587/"84) . 
As to the well-known imidazopyridine compounds, the present inventors chose, as two typical examples 

45 thereof, 2-[2-(3,5-dimethyl-4-methoxy)pyridylmethylsulfinyl]-6-brompimidazo[4 J 5-b]pyridine (hereinafter 
referred to tentatively as Compound a) and 2-[2-(3,5-dimethyl-4-methoxy)pyridylmethylsulfinyI]-6-methyr!mid- 
azo[4,5-b] pyridine (hereinafter referred to tentatively as Compound P), and subjected them to various tests. 
As a result, It has been found that (1) similarly to Omeprazole, these compounds are also defective in storage 
stability and (2) while they exhibit a marked inhibitory effect on (H+ + K+) ATPase in the in vitro tests, this 

50 effect is not satisfactorily reflected in the in vivo tests for inhibitory effect on gastric secretion and for inhibitory 
effects, on various experimental ulcers. 

. SUMMARY OF THE INVENTION 

in view of these circumstances, the present inventors have made an exhaustive study of compounds related 
55 to the aforesaid well-known imidazopyridine compounds and have discovered that compounds obtained by 
substituting various alkoxy groups for the bromine atom or methyl group of Compounds a and 0 have excellent 
storage stability and exhibit a good anti-ulcer effect in various in vivo tests. The present Invention has been 
completed on the basis of this discovery. 
According to one feature of the present invention, there are provided imidazo[4,5-b]pyridine compounds of 
60 the general formula 
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R 3 R 2 
CH 2 H^^R 4 



where R 1 is a straight-chain or branched alkoxy group of 1 to 8 carbon atoms (which may be substituted with a 
cycloaikyi group which preferably contains 3 to 6 carbon atoms) or a fiuoroaJkyioxy group of 2 to 4 carbon 
atoms, R 2 is a hydrogen atom, a methyl group or a methoxy group, and R 3 and R 4 are each a hydrogen atom or 
a methyl group and may be the same or different. 

According to another feature of the present invention, there are provided processes for preparing 
imidazot4,5-b]pyridine compounds represented by the above general formuia [I]. 

According to still another feature of the present invention, there are provided pharmaceutical compositions, 
containing an imidazo[4,5-b] pyridine compound represented by the above general formuia [I], as an active 
ingredient. 

It is to be understood that the imidazo[4 f 5-b] pyridine compounds represented by the general formula [I] 
also include their tautomers represented by the general formula 



[1*3 



where R\ R 2 , R 3 and R 4 are as previousfy defined. 

In the general formulae [I] and [II, the alkoxy group represented by R 1 is selected from among methoxy, 
ethoxy, isopropyloxy, n-propyloxy, sec-butyloxy, Isobutyloxy, tert-butyioxy, n-butyloxy, n-pentyloxy, 3-methyl- 
butyioxy, n-hexyloxy, n-heptyioxy, 5-methylhexyloxy, 2,4,4-trimethyIpentyloxy, n-octyloxy, cyclopropyimethy- 
loxy, 1-cyclopropylethyloxy, cyclobutyimethyloxy, cyclopentyimethyloxy, 2-cyclopentyiethyloxy, 3-cyclopen- 
tylpropyloxy, cyclohexylmethyloxy, 2-cyck>hexylethy1oxy and Hke groups. Similarly, the fluoroalkyloxy group 
represented by R 1 is selected from among 2,2,2-trifluoroethqxy, 2,2,3,3,3-pentafluoropropyloxy, 
1,1,1,3,3,3-hexafluoro-2-pr6pyl6xy, 2,2,3,3,4,4.4-heptafluorobutyloxy and like groups. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The imidazo[4,5-b] pyridine compounds represented by the above general formulas [I] and [I'] (hereinafter 
referred to briefly as the present compounds) can be prepared by oxidizing a sulfide compound of the general 
formula 
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where R 1 , R 2 R 3 and R 4 are as previously defined, in the presence of a suitable solvent and with the aid of an 
oxidizing agent. The oxidizing agent may be be used in an amount of 1.0 to 1.3 moles per mole of the sulfide 
compound [II]. Oxidizing agents useful for this purpose include, for example, peroxides such as 
m-chioroperbenzoic acid, perbenzoic acid, peracetic acid and the Rke. However, m-chioroperbenzoic acid is 
preferred because of its high stability. Suitable reaction solvents include, for example, halogenated 
hydrocarbons such as chloroform, tetrachJoroethane, etc.; alcohols such as methanol, ethanol, propanol, 
butanol, etc.; and mixtures of two or more such solvents. However, from the viewpoint of selectivity and yield in 
the oxidation reaction, it is particularly preferable to use chloroform or a mixture of chloroform and methanol. 
The reaction is carried out at a temperature of -70 to 30° C, preferably -20 to 10° C f for a period of time ranging 
approximately from 1 minute to 24 hours, preferably from 5 minutes to 1 hour. 

The sulfide compounds represented by the above general formula III] can be prepared by condensing a thiol 
compound of .the general formula 



55 



60 



65 



3 





0254588 



H 



5 




SH 



fill] 



10 



where R 1 is as previously defined, with a pyridine compound of the general formula 



15 




[IV] 



20 



where R 2 , R 3 and R 4 are as previously defined, in a reaction solvent This reaction may be carried out in the 
presence or absence of a base. If it is carried out in the absence of base, the resulting sulfide compound [II] is 
in the form of a hydrochloride and, therefore, needs to be dehydrochlorinated by means of a deacidffying 
agent The pyridine compound [IV] may be used in an amount equimolar to the thiol compound [III], and the 
base may be used in an amount of 2.0 to 3.0 moles per mole of the thiol compound [III]. Bases useful for this 
purpose include, for example, sodium hydrogen carbonate, sodium carbonate, potassium carbonate, sodium 
hydroxide, potassium hydroxide and the like. Suitable reaction solvents include, for example, alcohols such as 
methanol, ethanol, propanol, butanol, etc.; aprotic polar solvents such as dimethyiformamide, dimethyl „ 
sulfoxide, etc.; water; and mixtures of two or more such solvents. The reaction is carried out at a temperature 
of 10 to 200° C, preferably 60 to 80° C, for a period of time ranging approximately from 1 minute to 12 hours, 
preferably from 5 minutes to 4 hours. The thiol compound [III] used as a starting material can be prepared 
according ta many wellrknown processes including, for example, that described in The Journal of Organic 
Chemistry, Vol. 24, p. 1455, 1959. 

Now, the beneficial effects of the present compounds [I] will be described hereinbelow. Specifically, they 
were tested for storage stability, in vitro inhibitory effect on (H + + K+) ATPase, and in vivo inhibitory effects on 
gastric secretion' and on various experimental ulcers. The test compounds used for this purpose were the 
compounds enumerated below and considered to be typical examples of the present compounds [I]. The 
designation given in parentheses after the chemical name of each compound means its tentative name as 
used herein and corresponds to the respective one of the examples which will be described later. 

2-[2-(3,5-DimethyI)pyridylmethylsurfinyQ-5-methoxyimidazo[4,5-b]pyridine (Example 1). 
2-[2-(3 l 5-Dimethyl-4-methoxy)pyridyImethyisuIfinyI] 5-methoxyimidazo[4,5-b]pyridine (Example 2). 
2-[2-(3,4 I 5-Trimethyi)pyridylmethylsumnyl]-5-methoxyimida2o[4 1 5-b]pyridine (Example 3). 
2-[2-(4-Methoxy-5-methyI)pyridylme (Example 4). 

2-[2-(4-Methoxy-5-methyI) pyricrylmethylsumnyI]-7-methoxyimida20[4,5-b]pyridine (Example 7) . 
2-[2-(3,4 l 5-TrimethyI)pyridylmethylsulfinyl]-5-ethoxyimidazo[4,5-b]pyridine (Example 8). 
2-[2-(3,5-Dimethyl)pyridyImethyisulfinyO (Example 10). 

2-[2-(3,4 1 5-TrimethyI)pyridylmethylsul^^ (Example 12). 

2-[2-(4~Methoxy-5-methyl)pyrid^ (Example 13). 

2-[2-(3,5-DimethyI)pyridylmethy^ (Example 14). 

2-[2-(3,5-Dimethyl-4-methoxy) pyridylmethylsulfinyn-S-isopropyloxyimidazoKS-b] pyridine (Example 1 5) . 
2-[2-(4-Methoxy-5-methyI)pyriaVIm^ (Example 16). 

2-[2-(4-Methoxy)pyridylmethylsuIfiny^ (Example 17). 

2-[2-(3 > 5-Dimethyl)pyridyImethylsulfinyl]-5-n-propyloxyimida2o[4,5-b]pyridine (Example 18).. 
2-[2-(3,5-Dimethyl)pyridyIme^ (Example 19). 

2-[2-(3,5-DimethyJ^memoxy)pyridylmethylsuffi (Example .20). 

2-[2-(4-Methoxy-5-methyl) pyridylmemylsumnyt]-5-isobutyloxyimida2o[4,5-b]pyridine (Example 21 ) . 
2-[2-(4-Methoxy)pyridyimethyIsuIfinyl]-5-isobutyloxyimida20[4 1 5-b]pyridine (Example 22). 
2-[2-(3,5-Dimeth^)pyridylmethyIsuffiny^ (Example 23). 

2-[2-(3,5-DimethyM-methoxy)pyridyto (Example 
24). 

2-[2-(4~Memoxy)pyridyImethylsulfiny^ (Example 25). 

2-[2-(3,5-Dimethyl-4HTiethoxy)pyridy^ (Example 
26). 

2-[2-(4-MethyI)pyridylmethylsulfi^ (Example 
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30). 

2-[2-(3,5-Dimethyi)pyridylmethylsul^ (Example 33) 

2-[2-(3,5-Dimethy1)pyridylme^ (Example 34) 

(i) Storage stability 

The storage stability of the present compounds [I] was tested by allowing each test compound to stand 
under severe conditions (i.e., a temperature of 60° C and a relative humidity of 75o/o) for 8 days and then 
determining ita percentage of residue according to a thin-layer densitometric method (BunseW Kagaku, 10 
Vol. 23, No. 9, p. 1016, 1974). More specifically, upon completion of the severe treatment, 100 jig of each test 
compound was applied to a thin-layer plate and this.plate was developed with a chloroform-ethanol mixture 
(volume ratio 10:1). The thin-layer plate used for this purpose was a TLC Plate Aluminum Oxide 60F 2 6 4 
(manufactured by Merck Co.; 055 mm in thickness and 20 cm x 20 cm in size), and it was developed over a 
distance of 15 cm. Then, using a Shimazu Two-wavelength Chromatoscanner CS-910 (manufactured by 15 
Shimazu Seisakusho), the resulting spot was analyzed at a wavelength of 300-315 nm. 

The results thus obtained are shown in Table 1 . For purposes of comparison, the percentages of residue of 
Omeprazole (at a measuring wavelength of 300 nm) and Compounds a and p (at a measuring wavelength of 
310 nm) were determined In the same manner as described above and are also shown in Table 1. 
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Table 1 



5~ 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



60 



• 


Storage stability (after treatment 

-* Cf\on T»nA 1^5 pu fnr ft Havc^ 

at ou o ana /o* t\n tot o uaybj 


Test compound 


Percentage of residue 


- 

Omeprazole 


3 


Compound a 


.0 


Compound 3 


? 


Example 1 ( 


98 


Example 2 


77 


Example 3 


99 


Example 4 


98 


Example 7 


53" 


Example 8 


96 


Example 10 


92 - 


Example 12 


76 


Example 13 


88 


Example 14 


93 


Example 15 ~ " 


87 ■- - - : 


Example 16 


90 


Example 17 " 


75 


Example 18 


85 ' 


Example 19 


78 


Example 20 


72 


Example 21 . 


69 


Example 22 


57 


Example 23 


95 


Example 24 


94 


Example 25 


51 


Example 26 


92 


Example 30 


73 


Example 33 


89 


Example 34 


76 


Example 36 


68 



As is evident from Table t, it can be recognized that the present compounds [I] have much better storage 
stability than Omeprazole and Compounds a and p. 
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(li) Inhibitory effect on (H+ + K+) ATPase 

The Inhibitory effect of the present compounds Ifl on (H++K+J ATPase was tested by adding each test 
compound to a solution containing 300-500 ps, on a protein :basis t of the enzyme, Incubating this reaction 
mixture at 35-37° C for 5^30 minutes, and then determining the residua! activity of (H+ + K+ ) ATPase present In 5 
the reaction.mlxture. The test compounds were dissolved In methanol or ethanol in advance and added to the 
reaction system In such an amount as to give a concentration of 1 x 10- 3 M. The (H+ + K+) ATPase used In 
this test was prepared from fresh pieces of the fundus ventriculi of hog stomach according to the method of 
Saccomanl et al. (The Journal of Biological Ghemlstry, Vol. ^1^No. 23, p. 7690, 1976). The residuai activity of 
(H+ +K+) ATPase was determined by mbcing magnesium chloride and potassium chloride with the incubated 10 
reaction mixture, adding adenosine triphosphate thereto, incubating this assay mixture 37° C for 6-15 minutes 
to effect an enzymic reaction, and coiorimetricaJly determining the liberated Inorganic phosphate by use of an 
ammonium morybdate reagent. The Initial concentrations of magnesium chloride, potassium chloride and 
adenosine triphosphate were adjusted <to 2 rnM, 20 mM and 2 rnW, respectively. Colorimetrtc determinations 
were made at a wavelength of 360-400 nm. As a corrtrol experiment, the residual activity of (H+ + K+) ATPase 15 
was determined by repeating the above-descrfoed procedure without adding any test compound to the 
reaction system. The results thus obtained are shown in Table 2. In this -table, the Inhibitory effect is indicated 
by the degree of inhibition which was obtained by calculating the difference between the measured value 
obtained in the control experiment and the measured value resulting from the addition of each test compound 
and expressing this difference as a percentage of the measured value obtained In the control experiment. For 20 
purposes of comparison, the inhibitory effect of Omeprazole and Compounds a and 0 on (H + + K+) ATPase 
was tested in the same manner as described above and fhe results thus obtained are also shown in Table 2. 
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Table 2 



5 




Inhibitory effect on (H + +K + ) ATPase 




Test compound 


(at 1 X JLU M) 


10 




' Degree of inhibition (%) 




Omeprazole 


" 38.7 


15 


Compound a 


100 




Compound 3 


100 




Example 1' 


100 


20 


Example 2 


96.6 




Example 3 


.100 




Example 4 


100 


25 


Example 7 


98.8 




Example 8 


100 




Example 10 


90.0 


30 


Example 12 


98.5 




Example 13 


• 87 - 4 




Example 14 


100 


35 


Example 15 


98.5 




Example 16 


96.1 




Example 17 


93.7 


40 


Example 18 


92.3 




Example 19 


100 




Example 20 


100 


45 


Example 21 


97.4 




Example 22 


94.6 




Example 23 


100 


50 


Example 24 . 


100 




Example 25 






Example 26 


100 


55 


Example 30 


92.1 




Example 33 


95.4 




Example 34 


. 98.5 


60 


Example 36 


93.0 



As is evident from Table 2, it can be recognized that the in vitro inhibitory effect of the present compounds 
65 [I] on (H+ + K+) ATPase is much better than that of Omeprazole and is comparable to that of Compounds a 
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and p. 

(Hi) Inhibitory effect on gastric acid secretion 

The inhibitory effect of the present compounds [I] on gastric acid secretion was tested by using male Wistar 
rats, weighing about 200 g, in groups of five. To these rats which had been fasted overnight, the test 5 
compounds were oraiiy administered in a series of appropriately seiected doses ranging from 1 to 100 mg/kg. 
Then, the pyloric end of the stomach was ligated. After the lapse of 4 hours, the total acidity of gastric juice of 
each rat was measured. More specifically, the test compounds were suspended in a 0.5% aqueous solution of 
carboxymethy! cellulose and administered to the rats 30 minutes before ligation. Gastric juice was collected by 
sacrificing and laparotomizing each rat. The total acidity of gastric juice was determined by titrating the gastric . 70 
juice with a 0.1 N aqueous solution of sodium hydroxide until a pH of 7.0 was reached. As a control experiment, 
the total acidity of gastric juice of an untreated group was determined In the same manner as described above. 
The inhibitory effect of the test compounds on gastric acid secretion was evaluated on the basis of the dose (in 
mg/kg) required to inhibit gastric acid secretion, i.e. the total acidity of gastric Juice, by 500/o (hereinafter 
referred to as ED50). The ED60 value of each test compound was determined by calculating the difference In 15 
total acidity between the untreated group and each treated group, dividing the difference by the total acidity of 
the untreated group to obtain the degree of inhibition, and constructing a dose-response curve on the basis of 
the data thus obtained. The results are shown In Table 3. For purposes of comparison, the ED50 values of 
Omeprazole and Compounds a and p were determined In the same manner as described above and are also 
shown in Table 3. 20 
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Table 3 



5 


Test compound 


Inhibitory effect on gastric 
acid secretion (p.o.) 

ED,.,* (ma/ka) 


10 






Omeprazole 


35 


15 


Compound a 


73 




Compound B 


41 




Example 1 . 


13 


20 


Example 2 


18 




Example 3 


9 




Example 4 


15 


25 


Example 7 


22 




Example 8 


12 




Example 10 


19 


30 


Example 12 


21 




Example 13 


18 




Example 14 


15 


3* 


Example, 15 


13 




Example .16 


16 




Example 17 


17 


40 


Example 18 


19 




Example 19 


11 




Example 20 


. . 10 


45 


Example 21 


13 




Example 22 


15 




Example 23 


12 


50 


Example 24 


9 




Example 25 


18 




Example 26 


15 


55 


Example 30 


19 




Example 33 


17 




Example 3 4 


1* 


60 


Example 36 


19 



As is evident from Table 3, it can be recognized that the present compounds [I] exhibit a more marked in 
. 65 vivo inhibitory effect on gastric acid secretion than Compounds a and p. 
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(Iv) Inhibitory effects on various experimental ulcers 

The Inhibitory effects of the present compounds [I] on various experimental ulcers were tested by using 
male Wistar rats, weighing about 200 g, In groups of six and determining the respective ulceration Indexes for 5 
types of experimental ulcers. In each test, the test compounds were suspended tn a 0.5% aqueous solution of 5 
carboxymethyl cellulose and administered orally In a series of appropriately selected doses ranging from 1 to 
100 mg/kg. The test procedures for 5 types of experimental ulcers were as follows: 



In rats which had been fasted for 48 hours, the pyloric end of the stomach was ligated and they were 10 
maintained for 14 hours wlthoutgMng any food or water. Then, each rat was sacrificed and the area of the 
ulcer(s) formed in the forestomach part was measured. The ulceration index was calculated on the basis of the 
data thus obtained. The test compounds were administered 30 minutes before ligation. 



Rats which had been fasted for 15 hours were Immobilized in stress cages and immersed chest-deep In a 
water bath at 21 °C. After 10 hours, each rat was sacrificed and the length of the ulcer(s) formed in the 
glandular stomach part was measured. The ulceration Index was calculated on the basis of the data thus 
obtained. The test compounds were administered 10 minutes before exposure to the stress. 

20 

(Hydrochloric acid-ethanol ulcer) 

To rats which had been fasted for 24 hours, a 150 mM hydrochloric acid-60% ethanol mixture was orally 
administered in an amount of 0.5 ml per 100 g of body weight After an hour, each rat was sacrificed and the 
length of the ulcer(s) formed in the glandular stomach part was measured. The ulceration Index was calculated 
on the basis of the data thus obtained. The test compounds were administered 30 minutes before 25 
administration of the hydrochloric acid-ethanol mixture. 

(tndomethacin ulcer) 

To rats which had been fasted for 24 hours, Indomethacin was subcutaneously administered in a dose of 25 
mg/kg. After 7 hours, each rat was sacrificed and the length of the ulcer(s) formed In the glandular stomach 30 
part was measured. The ulceration Index was calculated on the basis of the data thus obtained. The test 
compounds were administered 30 minutes before administration of indomethacin. 

(Aspirin ulcer) 

In rats which had been fasted for 24 hours, the pyloric end of the stomach was. ligated. After 5 minutes, 35 
aspirin was orally administered thereto in a dose of 150 mg/kg. Seven hours after ligation, each rat was 
sacrificed and the length of the ulcer(s) formed In the glandular stomach part was measured. The ulceration 
index was calculated on the basis of the data thus obtained. The test compounds were administered 30 
minutes before ligation. 

The pharmacological effect of the test compounds on each of the aforesaid experimental ulcers was 40 
evaluated on the basis of the dose (in mg/kg) required to Inhibit the formation of ulcers by 50^o (hereinafter 
referred to as IDso). The ID50 value of each test compound was determined by calculatin the difference in 
ulceration index between the untreated group and each treated group, dividing the difference by the ulceration 
index of the untreated group to obtain the degree of inhibition, and constructing a dose-response curve on the 
basis of the data thus obtained. The results are shown in Table 4. For purposes of comparison, the ID50 values 45 
of Omeprazole and Compounds a and P were determined in the same manner as described above and are also 
shown in Table 4. 
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(Water-immersion stress ulcer) 
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Table 4 



5 



20 



^*test compound 

Experi- 
mental ulcer 


, Inhibitory effects on various 
experimental ulcers, ID 5Q (rag/kg) 


Omeprazole 


Compound 
a 


Compound 
6 


Example 
1 


Shay's ulcer 


30.3 


100 or 
greater 


42.0 


11.0 


Water- immersion 
stress ulcer 


39.7 ' 


100 or 
greater 


63.3- 


26.4 


Hydrochloric acid- 
ethanol ulcer 


13,6 


63.3 


25.4 


5.1 


Indomethacin ulcer 


24.7 


78.4 


29.5 


12.9 


Aspirin ulcer 


17.2 


100 or 
greater 


23.8 


6.3 



30 



^^^Nrest compound 

Experi- >w 
mental ulcer 


i 

Inhibitory effects on various 
experimental ulcers, ID50 (mg/kg) 


Example 
8 


Example 
13 


Example 
24 


Example 
26 


Example 
33 


Shay's ulcer 


15.1 


17.4 


. 10.8 


14.7 


. 19.2 


Wa te r- imme r s ion 
stress ulcer 


34.2 


37.3 


27.0 


30.5 


35.1 


Hydrochloric acid- 
ethanol ulcer 


8.2 - 


9.6 


3.5 


7.9 


10.3 


Indomethacin ulcer 


18.8 


21.9 


13.1 


15.8 


23.2 


Aspirin ulcer 


10.7 


14.5 


5.4 


9.5 


12.6 



50 



55 



60 



As is evident from Table 4, it can be recognized that the present compounds [I] have a very good inhibitory 
65 effect on various types of ulcers. 
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(v) Toxicity test 

The acute toxicity (LDeo) of several typical examples of the present compounds [I] (I.e., the compounds of 
Examples 1, 8, 13, 19, 24, 26 and 33) was tested with 5-weeks-old male Wistar rats. The LDbo values of all 
compounds were greater than 4000 mg/kg in the case of oral administration, and greater than 500 mg/kg In the 5 
case of intraperitoneal administration. When Omeprazole was administered orally, Its LD50 value was greater 
than 4000 mg/kg. 

In consideration of the results of the above-described tests, the present compounds [I] may be said to be 
potent drugs useful for the treatment of gastric and duodenal ulcers and scarcely susceptible to inactlvation 
during storage. . * 10 

The present compounds [i] can be admixed with conventional pharmaceutical carriers to form various types 
of pharmaceutical compositions including solid preparations such as tablets, capsules,, granules, powders, 
fine granules, etc., and liquid preparations such as Injectable solutions, syrups, elixirs, suspensions, 
emulsions, etc. Solid preparations may be coated so as to provide them with enteric coatings. Liquid 
preparations may be made by reacting one of the present compounds [I] with an alkali to form a physiologically 15 
acceptable salt thereof and then dissolving this salt in water, or by dissolving one of the present compounds [I] 
in an aqueous solution of an alkali. The pharmaceutical carriers used for these purposes may be selected 
according to the desired dosage form. Examples of the pharmaceutical carriers include exciplents, binders 
and dislntegrants. such as corn starch, dextrin i .a-, 0- or y-cyciodextrtn, glucose, lactose, sucrose, 
methylcellulose, ethylceliulose, calcium carboxymethylcellulose, crystalline cellulose, magnesium stearate, 20 
sodium alginate, Wltepsol W35. Witepsol E85, polyvinyl alcohol, synthetic alumlhuni sHlcate, etc.; lubricants, 
and coating agents such as talc, waxes, hydroxypropyl cellulose, hydroxypropyl methylcellulose, hydroxyethyi 
methylcellulose, cellulose acetate phthalate, hydroxypropyl methylcellulose phthalate, polyvinyl alcohol 
phthalate, styrene-maleic anhydride copolymer, polyvinyl acetal diethylamlnoacetsrfe,.etc.; scriublljzing agents 
such as glycerol, propylene giycol, mannitol, etc.; emulsifying or suspending agents such as polyoxyethylene 25 
stearate, polyoxyethylene cetyl alcohol ether, polyethylene glycol, polyvinyl pyrrolidone,' etc.; stabilizers such 
as sorbitol, Tween 80, Span 60, fats antf oils, etc.; and various solvents. 

The dosage level of the present compounds [I] varies with the age of the patient, the severity of the disease, 
and the like. However, they are usually used in a dally dose of 0.5 to 2000 nig, preferably 3 to 200 mg, for adults. 
This daily dose may be administered in one to six divided doses, preferably lh one to three divided doses. 30 

The present Invention is further illustrated by the following Reference Examples and Examples. The 
Reference Examples illustrates the preparation of sulfide compounds. [II]. 

Reference Example A 

1.81 g (0.01 mole) of 2-mercapto-5-memoxyimidazo-[4,5-b]pyridine and 1.92 g (0.01 mole) of 35 
2-chloromethyW,5-dimethyipyridine hydrochloride were added to 100 ml of ethanol containing 1.12 g (0.02 
mole) of potassium hydroxide, and this mixture was heated under reflux for 2 hours. Upon cooling to room 
temperature, the resulting reaction solution was filtered to remove any Insoluble matter, and the filtrate was 
concentrated under reduced pressure. The resulting residue was dissolved in 500 ml of chloroform, arid this 
solution was washed with water, dried over anhydrous sodium sulfate and then evaporated to dryness under 40 
reduced pressure. The resulting residue was subjected to silica gel column chromatography using chloroform 
as the developing solvent. Thus, there was obtained 2.20 g (73.3<>/o yield) of 2-[2-(3,o^lmethyl)-pyriclylme- 
thyithio-5-methoxyimidazo[4,5-b]pyridine in the form of colorless crystals having a melting point of 175-176° C, 

The following 24 compounds were prepared in substantially the same manner as described above, except 
that the 2-mercapto-5-methoxyimidazo[4,5-b] pyridine was replaced by 0.01 mole of each of the corresponding 45 
thiol compounds [III] and the 2-chloromethyl-3,5-dimethylpyridine hydrocholoride was replaced by 0.01 mole 
of each of the corresponding pyridine compounds [IV]. 

2-[2-(3,5-DimethyM-methoxy)pyridylme^ m.p. 1$4-155°C. 

2-[2-(3,4,5-Trimethyl)pyricrylmethylthlo]-5-methoxyimldazo[4,5-b]pyri m.p. 150-151°C. 

2-[2-(4-Methoxy-5-methyl)pyri^ m.p. 160-162° C. 50 

2-[2-(4-Methyl)pyridylmemylthio]-5-memox^midazo-[4 1 5-b]pyridine, m.p. 134-137°C. 
2-[2-(3,5-Dimethyl)pyricrylmethylthio]-6-methoxyimidazo[4,5^b]pyridlne, glassy material. 
2-[2-(4^ethoxy-5-methyI)pyridylmethylmio]-7-methoxyimidazo[4,5-b]pyridi glassy material. 
2-[2-(3,4,5-Trimethyl)pyridylmemyrthlo]-5-emoxyimidazo[4,5-b]pyridine, m.p. 127-128°C. 

2-[2-(3,4,5^TrimethyI)pyridylmemylthio]-7-ethoxyimidazo[4,5-b]pyridine, m.p. 132-136° C. 55 
2-[2-(3,5-DlmethyI)pyrictylmem m.p. 159-160°C. 

2-[2-(4-Methyl)pyridylmethylthloI-5-sec-butyloxyimidazo[4,5-b]pyrid glassy material. . 
2-[2-(3,4,5^Trimemyl)pyricty^ m.p. 119-120°C. 

2-[2-(4-Methoxy-5-methyl)pyridylm^ m.p. 159-161 °C. 

2-[2-(3,5-Dlmethyl)pyridylmemyrthlo]-5-ethoxyimidazo[4,5-b]pyri m.p. 146-147°C. 60 
2-[2-(3,5-Dimethy1-4-methoxy)pyridylm^ m.p. 130-133°C. 

2-[2^(4-Methoxy-5-methyl)pyridylm^ m.p. 92-94° C. 

2-[2-(4-Methoxy)pyridylmethylmlo]-5-lsopropyioxyimidazo[4,5-b]py^ m.p. 134-136° C. 
2-[2-(3,5-Dimethyl)pyridyImethyrthio]-5-n-propyloxyimidazo[4,5-b]pyrid m.p. 116-117°C. 
2-[2-(3 l 5-Dimemyl)pyridyLme^ m.p. 139-141 °C. 65 
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242-(3 f 5-Dimethy]^Tiethoxy)pyridylmethyIthio]-5-isobutyloxyim m.p. 132-135°C. 

2-[2-(4-Methoxy-5-methyl)pyridyta^ m.p: 153-1 54° C. 

2-[2-(4-Methoxy)pyridylmethyl^ m.p. 1 19-122° C. 

2-[2-(3 t 5-Dimethyl)pyridylme^ m -P- 126-128° C. 

5 2-[2-(3,5-Dimethyl-4-methoxy)pyr'^ 
m.p. 150-153°C. 

2-[2-(4-Methoxy)pyridylmethylthio]-5-cycIopropylmethyloxyimidazo m.p. 1 15-1 17° C. 

Reference Example B 

70 2.50 g (0.01 mole) of 2-mercapto-5-(2 f 2 J 2-trifluoroethoxy)imida2o[4 i 5-b] pyridine and 2.22 g (0.01 mole) of 
2-chloromethyI-4-methoxy-3 f 5-dimethyipyridine hydrochloride were added to 100 ml of ethanol, and this 
mixture was stirred at 60° C for 2 hours. After the resulting reaction solution was concentrated under reduced 
pressure, 150 ml of a saturated aqueous solution of sodium hydrogen carbonate was added to the residue. 
, This mixture was stirred and then extracted with 300 ml of chloroform. The extract thus obtained was dried 
15 over anhydrous sodium sulfate and then evaporated to dryness under reduced pressure. The desired product 
" was isolated and purified by subjecting the resulting residue to silica gel column chromatography using a50:1 
mixture of chloroform and ethanol as the developing solvent Thus, there was obtained 3.25 g (81.50/o yield) of 

2-[2-(3,5-dimethyl-4-methoxy in the form of 

colorless crystals having a melting point of 178-1 80° C. 
20 The following 11 compounds were prepared in substantially the same manner as described above, except 

that the 2-mercapto-5-(2,2^-trifiuoroethoxy)imidazo[4 t 5-b]pyridine was replaced by 0.01 mole of each of the 

corresponding thiol compounds [III] and the 2-chloromethyl-4-methoxy-3,5-dimethylpyridine hydrochloride 

was replaced by 0.01 mole of each of the corresponding pyridine compounds [IV]. 

2-[2-(3 f 5-Dimethyl)pyridylmetty^ m -P- 173-174°C. 

25 2-[2-(3 1 4£-Trimethyl)pyridylme m -P- 145-148°C. 

2-[2-(4-Methoxy-5-methyI)pyridyIme^ m -P- 157-159° C. 

2-[2-(4-MethyI)pyridylmethylth^ 9'assy material. 

2-[2-(3 I 5-Dimethyl)pyridylmethylthio]-5-n-pentyloxyimidazo[4 l 5-b]py m.p. 101-103°C. 

2-[2-(3,4 f 5-Trimethyl)pyridylm^ m.p.. 96-99°C. 

30 2-[2-(3 t 5-Dimethyi)pyridylmethylthio]-5-n-heptyloxyimida2o[4 l 5-b]pyridine l m.p. 119-120°C. 

2-[2-{3 l 5-Dimethyl)pyridylmethyM m-P- 101-104° C. 

2-[2-(4-Methoxy-5-methy0pyricfylme^ 9 ,ass y ma " 

terial. 

2-[2-(3 i 5-DimethyM-methoxy)pyridy!methylthio]-6-(3- cyclopentylpropyloxylimidazot^S-blpyridine, glassy 
35 material. 

2-[2-(4-Methyl)pyridylmethyrm^ glassy matenal. 

Example 1 

1.50 g (0.005 mole) of 2-[2-(3,5-dimethyl)pyridylmethylmio]-5-methGxyimidazo[4>b]pyridin 
40 in 150 ml of chloroform. To this solution was slowly added 0.86 g (0.005 mole) of m-chloroperbenzoic acid at. 
0-5°C, followed by stirring at that temperature for 10 minutes. While the resulting reaction solution was being 
kept at 0-5° C, 30 ml of a 50/o aqueous solution of sodium hydrogen carbonate was injected thereinto and 
mixed therewith. Thereafter, the chloroform layer was separated, dried over anhydrous sodium sulfate, and 
then evaporated to dryness under reduced pressure. The resulting residue was recrystallized from ethyl 
45 acetate to obtain 1.18 g (74JO/o yield) of 2-[2-(3,5-dimethyi)pyridylmethylsulfinyI]-5-methoxyimidazoi;4 l 5-b]py- 
ridine in the form of colorless crystals. This product had a melting point of 175-177°C. 
Infrared absorption spectrum (KBr, cm- 1 ): 1060(S=O). 

Analysis: 

50 Calcd. for C15H16N4O2S (o/o) C, 56.94; H. 5.10; N. 17.71 
Found (o/o) C, 57.03; H, 5.04; N, 17.82 

Examples 2-37 

The compounds listed in Table 5 were prepared in substantially the same manner as described in Example 1 , 
55 except that the 2-[2-(3 I 5-dimethyl)pyridylmethylthio]-5-methoxyimidazo[4,5-b]pyridlne (0.005 mole) was 
replaced by each of the corresponding sulfide compounds [II] (0.005 mole), and the reaction temperature and 
the reaction time were suitably modified. These compounds were obtained in a yield ranging from 72.4% to 
90.80/0. 

60 
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Now, the preparation of several pharmaceutical compositions containing the present compounds [I] will be 
described hereinbelow. 
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(Tablets) 



% by weight 

(1) Compound of Example 1 25.0 

(2) Lactose 41-. 0 

(3) Corn starch 15.0 

(4) Crystalline cellulose 15.0 

( 5 ) Hydroxypropyl cellulose 3 . 0 

(6) Magnesium stearate " 1.0 

100.0 



10 



15 



The above ingredients (1)-(5) were blended together. After the addition of water, the resulting mixture was 
granulated and then dried. The granules so formed were adjusted to a predetermined size range, and the 
Ingredient (6) was added thereto. The resulting mixture was compressed to form tablets each containing 100 20 
mg of the active ingredient 



(Capsules) 







% by weiqht 


(1) 


Compound of Example 24 


25.0 


(2) 


Lactose 


50.0 


(3) 


Corn starch 


20i0 


(4) 


Hydroxypropyl cellulose 


3.0 


(5) 


Synthetic aluminum silicate 


1.0 


(6) 


Magnesium stearate 


1.0 


100.0 



25 



30 



35 



According to conventional procedure, the above ingredients were blended together and then granulated. 
The granules so formed were filled into capsules, each of which contained 100 mg of the active Ingredient. 



Claims 

1 . An imidazo[4 f 5-b]pvridine compound of the general formula 



S — CH 





where R 1 is a straight-chain or branched alkoxy group of 1 to 8 carbon atoms (which may be substituted 
with a cycioalkyl group) or a fluoroalkyloxy group of 2 to 4 carbon atoms, R 2 is a hydrogen atom, a methyl 
group or a methoxy group, and R 3 and R 4 are each a hydrogen atom or a methyl group and may be the 
same or different. 

2. A compound as claimed in claim 1 wherein the straight-chain or branched alkoxy group is selected 
from the group consisting of methoxy, ethoxy, isopropyloxy, n-propyloxy, sec-butyloxy, isobutyloxy, 
n-butyloxy, n-pentyloxy, 3-methylbutyloxy, n-hexyloxy, n-heptyloxy, i4,4-trimethylpentyloxy. cyclopro- 
pyimethyloxy, 3-cyclopentylpropyloxy and cyclohexyimethyloxy, or the fluoroalkyloxy group is selected 
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from the group consisting of 2,2,2-trifluoroethoxy and 2,2,3,3,4,4,4-heptafluorobutyloxy. 

3. A compound as claimed in either of claims 1 and 2 wherein the substituted pyridyl group represented 
by the general formula 



is selected from the group consisting of 2-(3,5-dimethyl) pyridyl, 2-(3,5-dimethyi-4-metho)qr)pyridyi, 
2-(3,4,5-trimethyl)pyridyl, 2-(4-methoxy-5-mewynpyridyl, 2-(4~methoxy)pyridyl and 2-(4~methyl)pyridyl. 

4. A compound as claimed in claim 1 which is any one of the following compounds, 
2-[2-(3,5Klimethyl)pyridylmethylsulfinyn-5-methoxyimidazo[4,5-b]pyridine, 
2-[2-(3,5-dimethyl^methoxy)pyridylm^ 

2-[2-(3,4,5-trimethy!)pyridy^ 

2-[2-(4-methoxy-5-methyI)pyridyim^ 

2-[2-(4-methoxy-5-methyl)pyridy^ 

242-(3 I 4,5-trimethyl)pyridylmethylsumnyO-5-ethoxyimidazo[4,5-b]pyr^ N 

242-(3 1 5<nmethyl)pyridyImethylsulfiny^ 

242-(3 J 4,5-trimethyl)pyridylmethy^ 

2-[2-(4-methoxy-5-methyl)pyrid^methylsulfinyl]^yclopropylmethyIoxyim^ 

242-(3 i 5Hjimethyl)pyridtfmethylsuffi^^ 

2-[2-(3,5HdimethyM^ethoxy)pyri^ 

242-(4^emoxy-5-methyl)pyridylmethy^ 

2-[2-(4-memoxy)pyridylmethylsulf^ 

2-[2-(3 f 6-dimethyi)pyrioVlmethy!sulfinyl]-5-n-propyloxyimio^ 

2-[2-(3,5<limethyl)pyridylmethy^^ 

2-[2-(3,5HjimethyM-methoxy)pyri^ 

2-[2-(4-memoxy-5-methy))pyrid^ 

2-[2-(4-methoxy)pyridylmethylsuffinylI-5-isobutyloxy imidazo[4,5-b]pyridine, 

2^2-(3,5Kiimethyl)pyridylmethylsulfm^^ 

2^2-(3 f 5<limethyl^methoxy)pyrid^ 

2-[2-(4-methoxy)pyridylmethylsu^ 

2-[2-(3,5Kiimethyl^methoxy)p^ 

2-[2-(4-methyi)pyndylmethylsuffiny^^ 

2-[2-{3,5-dimeth^)pyridylmethyIsulfi^^^ 

2-[2-(3 l 5^imethyI)pyrid^me^ or 
2-[2-(3,5Hlimethyl^memoxy)pyridylm^ 

5. A process for preparing an imidazoI4,5-b]pyridine compound of claim 1 wherein a sulfide compound 
of the general formula 





where R 1 , R 2 , R 3 and R 4 are as defined in claim 1 is oxidised in the presence of a solvent and with the aid 
of an oxidising agent 
6. A sulfide compound of the general formula 
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where R 1 is a straight-chain or branched alkoxy group of 1 to 8 carbon atoms (which may be substituted 
wtth a cycloalkyl group) or a fiuoroalkyloxy group of 2 to 4 carbon atoms, R 2 is a hydrogen atom, a methyl 
group or a methoxy group, and R 3 and R 4 are each a hydrogen atom or a methyl group and may be the 
same or different 

7. A compound as claimed in claim 6 which is any one of the following compounds, 
2-[2^3^imethyl)pyridylmethylthio]-5-methoxyimidazol4 ) 5-b]pyridine, 
2-I2-(3,5KJimethyl^methoxy)pyridylm^ 

2-[2-(3,4,5-trimethyI)pyrIdylmethylthio]-5-methoxyimidazo[4,5-b]pyridine, 

2-I2-(4-methoxy-5-methyI)pyridylmet^^ 

2-[2-(4-methy0pyridylmethylthio]-5^ 

2-p-(3,5Hjime%!)pyridylme^ 

2-[2-(4^ethoxy-5-methyl)pyridylme%^ 

2-t2-(3,4,5-trimethyl)pyridylmethylthio]-&^thoxyimidazo[4 f 5-b]pyridine l 
242-(3,4 I 5-trimethyl)pyridylmethyl^ 

2r[2-(3,5<JimethyI)pyridylmethytthio]-5-isopropyloxyimidazo[4 t 54)]pyridin 

2-[2-(4-methyl)pyridylmethylthio^ 

242-(3 t 4,5-trimethyl)pyridyl^ 
2-[2-(4^eth6xy-5-me%l)pyridylmet^ 

2-[2-(3 1 5^imethyl)pyridylmethyfthio]-5-ethoxyimldazo[4,5-b]pyridine 

2-[2-(3 1 5Hjimethy!^methoxy)pyrity^ 

2-[2-(4-methoxy-5-methyl)pyridylmethy^ 

242-(4^ethoxy)pyridylmethylthio]-5%^ 

2-[2-{3 t 5KiimethyI)pyridylmethyltM 

2-[2-(3,5-dimethyl)pyridylme^ 

2-[2-(3,5<limetr^-4^ethoxy)pyridylme^ 

2-[2-(4-methoxy-5-metrtyl)p^dyImetW^ 

2-[2-(4-methoxy)pyridyImethylthio]-5^obtty^ 

2-[2-(3,5<limetriyl)pyridylmethytthio]-5^clopro^me 

2-[2-(3,5Hdimethyl-4^ethoxy)pyridylmett^ 

2-[2-(4-methoxy)pyridylmethy^ 

2-[2-(3,5KJimethy!^methoxy)pyridylm^ 

2-[2-(3,5Kiimethyl)pyridylmeth^ 

2-I2-(3,4,5-trimethyl)pyridylmethyl^ . 

2-[2-{4-methoxy-5-metrtyl)pyri^ 

2-^4-methyf)pyridylmethylthio]^ 

2H2-(3,5Hjimethyl)pyridylmethylthio]-5-nijentyloxyimida^ 

2-[2-(3,4,5-trimethyI)pyridyimethylthio]-6-^ 

2^2-{3,5<nmetrtyl)pyridylmethyl^ ™ 
2-t2-(3,5<nmethyl)pyri<tymethylthio]^ . 
2-[2-(4-methoxy^methy!)pyridyImethylthi^^^ 

2-[2-(3,5-dimethyM-methoxy)pyridy^ or 
2^2-(4-methyl)pyridyImethylthio]-7K^ 

8. A pharmaceutical composition comprising an imidazo[4,5-b] pyridine compound of claim 1 . 

9. A pharmaceutical composition as claimed in claim 8 where the imidazo[4,5-b3pyridine compound of 
claim 1 is selected from the group consisting of 
2-[2-(3 1 5-dimethyl)pyridylmethylsuffin^ 

2-[2-(3,5-dimethyl-4-methoxy)pyri^ 

2-[2-(3 ) 4,5-trimethyI)pyridylmethylsu^ 

2-12-(4-methoxy-5^ettyI) py^ 

2-I2-(4-methoxy-5-methyl) pyridylmet^ 

2-[2-(3,4,5-trimethyl) pyridylmetr^ 

2-[2-(3,5<fimethyl)pyridylmethylsul^ 

2-[2-(3.4,5-trimethyl)pyridylmethyte 

2-[2-(4-methoxy-5^ethyl)pyridylmett^^ 

2-[2-{3,5^imethyl)pyridyimethylsulf^^ 

2-[2-(3,5HdimethyM-methoxy)pyridylme 

2-[2-(4-methoxy-5-methyl)p^dyl^^ 

2-[2-(4^ethoxy)pyridylrrethylsulfinyl]^ 

242-(3,5H3imethyl)pyridylmethylsu^^ 

2-[2-(3,5<limettyl)pyridylme^ 

2-[2-(3 t 5Kjimethyl-4^ethoxy)py^ 

2^2-(4^ethoxy-5-methyl)pyridylmethyisulfinyl]-5- isobutyloxyimidazo[4,5-b]pyridine, 
2-[2-(4Hrnethoxy)pyridylmethyisuIf^ 

242-(3,5K«metr^I)pyridylmethylsulfinyI]-5-cyclopropyimethyloxylr^ 
2-[2-(3 t 5<limethyI-4HTiethoxy)pyridyImethylsuifinyl]-5^ 
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2-[2-(4~methoxy)pyridylmethylsulfinyl-5-c^^ 
2-[2-(3,5-dimethyI^memoxy)pyridylme^ 
2-[2-(4-methyl)pyridyime^ 
2-[2-(3,5-dimethy0pyridylmethylsul^ 

242^3,5-dimethy!)pyridyImethylsulfinyI]-5-(3-methylbutyloxy)!mid and 
2-[2-(3,57dimethyl^methoxy)pyri^ 

10. The use of a compound as claimed in any of claims 1 to 4 for the manufacture of a medicament for the 
treatment of gastric and/or duodenal ulcers. 

Claims for the following contracting states: Spain, Austria and Greece 

1 . A process for preparing an imidazo[4,5-b]pyridine compound of the general formula 




where R 1 is a straight-chain or branched alkoxy group of 1 to 8 carbon atoms (which may be substituted 
with a cycloaikyl group) or a fluoroaikyloxy group of 2 to 4 carbon atoms, R 2 is a hydrogen atom, a methyl 
group or a methoxy group, and R 3 and R 4 are each a hydrogen atom or a methyl group and may be the 
same or different, wherein a sulfide compound of the general formula (I) 



(I) 



(where R 1 , R 2 R 3 and R 4 are as previously defined) is oxidised in the presence of a solvent arid with the 
aid of an oxidizing agent 

2. A process as claimed in claim 1 wherein the compound of formula (!) is obtained by condensing a 
thiol compound of general formula (II) 





(ID 



50 



55 



(wherein R 1 is as defined in claim 1 ) with a pyridine compound of general formula (III) 

,3 



(III) 




HC£ 



60 



65 



(wherein R 2 , R 3 and R 4 are as defined in claim 1) in a solvent, optionally in the presence of a base. 

3. A process as claimed in claim 2 wherein the pyridine compound of formula (III) is used in an amount 
equimolar to the thiol compound of formula (II) and, if present, the base is used in an amount of 2.0 to 3.0 
moles per mole of the thiol compound, the condensation reaction being carried out at a temperature of 
from 10 to 200° C for a period of from 1 minute to 12 hours; and thereafter the oxidizing agent is used in a 
amount of 1.0 to 1.3 moles per mole of the sulfide compound obtained, and the oxidation reaction is 
carried out at a temperature of from -70 to 30° C for a period of from 1 minute-to 24 hours. 
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4. A process as claimed in claim 2 or claim 3 where the solvent for the condensation step is selected 
from the group consisting of methanol, ethanol, propanol, butanol, dimethytformamide, dimethyl 
sulfoxide, water and mixtures of two 1 or more such solvents, and the solvent for the oxidation step Is 
selected from the group consisting of chloroform, tetrachloroethane, methanol, ethanol, butanol and 
mixtures of two or more such solvents. 

5. A process as claimed in any of claims 2 to 4 where the base is selected from the group consisting of 
sodium hydrogen carbonate, sodium carbonate, potassium carbonate, sodium hydroxide and potassium 
hydroxide. 

6. A process as claimed in any preceding claim where the oxidizing agent is selected from the group 
consisting of m-chloroperbenzoic acid, perbenzoic acid and peracetic acid. 

7. A process as claimed in claim 1 where the straight-chain or branched atkoxy group is selected from 
the group consisting of methoxy, ethoxy, isopropyloxy, n-propyloxy, sec-butyloxy, isobutyloxy, 
n-butyloxy, n-pentyloxy, 3-methylbutyioxy, n-hexyloxy, n-heptyloxy, 2,4,4-trirriethylpentyloxy, cyclopro- 
pylmethyloxy, 3-cyclopentyipropyloxy and cyclohexylmethyloxy, or the fluoroaJkyioxy group is selected 
from the group consisting of 2,2,2-trifluoroethoxy and 2,2,3,3,4,4,4-heptafluorobutyioxy. 

8. A process as claimed In claim 1 where the substituted pyridyl group represented by the general " 
formula . 



is selected from the group consisting of 2-(3,5-dimethyI) pyridyl, 2-(3,5-dimetrryi-4-methoxy)pyridyI, 
2-(3,4,5-trimethyl)pyridyl, 2-(4-methoxy-5-methyl) pyridyl, 2-(4-methoxy) pyridyl and 2-(4-methyl) pyridyl. 

9. A process as claimed in claim 1 where the lmidazo[4,5-b]pyr1dine compound is selected from the 
group consisting of 

2-[2-(3,5Hdimettyl)pyridylmethy^ 
2-[2-(3,5Klimethy!^methoxy)^ 
2-[2-(3AMrimethyl)pyridylmethylsuffir^ 

2-[2-(4^ethoxy-5-metrryl)pyridyim^ 

2-[2-(4^ethoxy-5-metbyl) pyridyl 

2-[2-(3,4,5-trimethyl)pyridylmethylsulfinyi]-5-- ethoxyimidazo[4,5-b]pyridine, 
2-[2-(3,5Kiimethyl)pyridylmethyIsuffi^^ 
2-[2-(3,4,5-trimethyl)pyridyime^ 
2-[2-(4-methoxy-5-methyl)pyridylme^ 

2-[2-(3,5-dimethyl) pyridylmethylsulfihyl] j-5^thoxylmldazo[4,5-b]pyrldine f 

2-[2-(3 f 5KJimethyI^methoxy)pyridylmethylsulfinyl]-5Hsopropyloxyim 

2-[2-(4^ethoxy-5Hnethyl)pyridylme^ 

2-[2-(4^ethoxy)pyridylmethylsuifinyl]^ 

2-[2-(3,5Kiimethyl)pyridylmethyte 

2-[2-(3,5KilmethyI)pyricrylmethylsulfir^^ 

2-[2-(3,5<limethyi^methoxy)pyridylmethylsulfinyl]-5Hsobutyloxyimi 

2^2-(4-methoxy-5^ethyi)p^oyimethyi^^ 

2-[2-(4-methoxy)pyridylmethyIsu^ 

2-[2-(3,5^imethyl)pyridylmethylsuffi^ 

242-(3,5-dimethyl^methoxy)pyridylmethylsuffi^ 

2-[2-(4~methoxy)pyridylmethylsulfiny1]-5^ 

2-[2-(3,5KilmethyM-methoxy)pyri^ 

2-[2-(4-methyl)pyridylmethylsu!finyl]^^ 

2-[2-(3,5<Jimethyl) pyridylmett^ 

2-[2-(3,5-dimethyl)pyridylmethylsuIfiny^ and 
2^2-(3,5<nmethyl^methoxy)pyriayimethyte^ 

10. A process for preparing a pharmaceutical composition useful for the treatment of gastric and/or 
duodenal ulcers which comprises Incorporating an imidazo[4,5-b]pyr1dine compound as defined in 
claim 1 with one or more physiologically acceptable pharmaceutical carriers. 

11. A process for preparing a pharmaceutical composition as claimed in claim 9 where an 
imidazo^.S-b] pyridine compound is selected from the group consisting of 
2-[2-(3,5-dimethyl)pyridylmethyisuffinyI]-5-methoxtimldazo[4,54)]pyridine, 
2-[2-(3,5<iimethyl^methoxy)pyridyto 

2-[2-(3,4,5-trimethy!)pyridyimefo^ 
2-[2-(4-methoxy-5^methyl)pyri 
s 2-[2-{4-methoxy-5-methyl)pyridy!m^ 
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2-[2-(3 1 4 l 5-trimemyl)pyridyImethylsul^^ 

2-[2-(3,5-dimethyI)pyridylmethylsuffir^ 

2-[2-(3,4,5-trimethyl)pyridylme^ 

2-[2-(4^memoxy-5-methyl)pyridylm^ 

2-[2-(3,5-dimethyl)pyridyImelhylsumny!]-5-ethoxyimidazot4 

2-[2-(3,5-dimethyl^methoxy)pyricty^ 

2-[2-(4-methoxy-5H7iethyl)pyridylme^^ 

2-[2-(4-methoxy)pyridylmethyIsuIfinyI]-5-iso propyloxyimidazo[4 t 5-b]pyridine f 
2-[2-(3 f 5-dimethyl)pyridylmethylsu^ 
2-[2-(3,5<iimethyl)pyridylmethylsuffin^ 
2-[2-(3,5Hjimeth^-4^ethoxy)pyridylm^ 

2-t2-(4^ethoxy-5-methyl)pyrrd^methylsuIfinyl]-5-isobutyloxyimidazo[^ 

2-[2-(4-methoxy)pyridylmethylsulfinyl]-5-isobutyloxyimidazo[4,5-b]pyridine I 

2-t2-(3,5-dimethyl)pyridylmethylsulfiny!]-5-cyclopropylmetbyloxyi 

2-[2-(3,5Kiimettyl^methoxy)pyridylmeth^ 

2-[2-(4-methoxy)pyridylmeth^sulfinyl]-5-cyclopropyImethy!oxyimid 

2-[2-(3,5Hdimethyl^methoxy)pyrid^methylsulfinyI]-5-(2,2,2^ 

2-[2-(4-methyl)pyridylmethylsuffinyn-5-{2,2,3 t 3 t 4A4-heptafluorobutylo^ 

2-[2-(3,5<limethyl)pyridylmethylsu^ 

2-[2-(3,5Hiimethyl)pyridylmethylsuIfm^^^ and 
2-[2-(3,5-dimethyl^memoxy)pyridylme^ 
12. A process for preparing a pharmaceutical composition as claimed in claim 9 where said one or more 
physiologically acceptable pharmaceutical carriers are selected from the group consisting of corn starch, 
dextrin, a-, p- or y-cyciodextrin, glucose, lactose, sucrose, methylcellulose, ethylcellulose, calcium 
carboxymethylcellulose, crystalline cellulose, magnesium stearate, sodium alginate, Witepsol W35, 
Wrtepsol E85, polyvinyl alcohol, synthetic aluminum silicate, talc, waxes, hydroxypropy! cellulose, hydroxy 
propyl methylcellulose, hydroxyethyl methylcellulose, cellulose acetate phthalate, hydroxypropyl 
methylcellulose phthalate, polyvinyl alcohol phthalate, styrene-maleic anhydride copolymer, polyvinyl 
acetal diethylaminoacetate, glycerol, propylene glycol, mannitol, polyoxyethylene stearate, poly- 
oxyethylene cetyl alcohol ether, polyethylene glycol, polyvinyl pyrrolidone, sorbitol, Tween 80, Span 60, 
fats, oils and water. 
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